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Introduction 30
Virtually all the known physico-chemical and biological techniques have been 31 explored for treatment of extremely recalcitrant textile dye wastewater; none, however, has 32 emerged as a panacea (Hai et al., 2007) . Residual dyes along with other auxiliary chemical 33 reagents used for textile processing impose massive load on wastewater treatment systems, 34 eventually leading to poor color and COD removal performances. The presence of even trace 35 concentration of dyes in effluent is highly visible and the release of such colored wastewater 36 in the ecosystem is a remarkable source of esthetic pollution, eutrophication and 37 perturbations (due to toxicity and persistence) in aquatic life (Robinson et al., 2001 ). 38 39
Biodegradation is an environmentally friendly and cost competitive alternative. 40
However, the conventional aerobic decoloration processes have been proved rather 41 ineffective, while highly toxic aromatic amines are formed during anaerobic azo dye 42 decoloration (Van der Zee and Villaverde, 2005) . In this context it is interesting to note that 43 unlike bacterial activated sludge process, aerobic white-rot fungi can degrade wide varieties 44 of recalcitrant compounds including textile dyes (Wesenberg et al., 2003 (Yang and Yu, 1996; Leidig et al., 1999; Libra et 50 al., 2003; Hai et al., 2006; Blanquez et al., 2008 The absorbance of membrane-permeate and reactor-supernatant over the operation 219 period has been plotted in Fig. 3b . Contrary to the excellent decoloration of orange II in batch 220 test, an average overall removal (bioreactor + membrane) of 93% was observed in the MBR. 221
The average supernatant quality indicated 82% removal by biological activity itself. In our 222 previous study (Hai et al., 2006) , over 99% removal of a polymeric azo dye (Poly S119) was 223 consistently achieved in the continuous MBR (Table 1) . However, unlike the present dye, 224
Poly S119 showed strong adsorption on biomass, which led to its subsequent excellent 225 retention by the cake layer on the membrane. This interpretation is supported by the fact that, 226
for Poly S119, the permeate quality (> 99% removal) was much improved over the reactor-227 supernatant (68% removal) quality. On the other hand, in this study, as the Orange II dye 228 showed lower sorption on biomass (Sec. 3.1.1), the cake layer on the membrane could not 229 retain this dye as effectively as the Poly S119 dye. Accordingly lower overall removal of 230
Orange II dye was achieved under the applied HRT. 231 232 Interestingly, observations following an incidence of failure of the pump supplying 233 concentrated media to the reactor (see Sec. 2.2), which caused dilution of the reactor-media 234 with tap water for a day or so, provided important clues to enhancement of fungal 235 degradation. The reactor was unattended from the night of day 62, and by the time when the 236 accident was noticed on the morning of day 64, the reactor media had already turned virtually 237 colorless, and a large clump of fungal mass was floating on the reactor-surface. Presumably, 238 in response to the acute starvation, the fungi agglomerated together and due to the presence of 239 the membrane this agglomerated mass was not washed out of the reactor. As the pump was 240 fixed and regular operation was resumed leaving the agglomerated mass as it was, 241 Although white-rot fungus can initiate degradation of wide varieties of recalcitrant 279 compounds, it has limited carbon and nutrient removal capacity as compared to bacteria 280 (Coulibaly et al., 2003) . However, consistently over 98% TOC removal (Table 1) was 281 achieved in this study. This may be attributed to the bacterial contamination in the fungal 282 reactor. In this study, in accordance with real textile effluent, the contribution of the dye to 283 total TOC was rather low (5%). Accordingly, the dye removal, which varied from 93 to 97%, 284 did not affect the TOC removal. 285 286
Hydraulic performance of the membrane 287
Since a membrane bioreactor was used in this study, routine monitoring of the TMP 288 was conducted to confirm that membrane fouling did not influence any of the observations. 289
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The TMP slightly varied around 3 kPa during long-term operation, in the course of which the 290 MLSS concentration (without any withdrawal of sludge) increased from around 5 to 17.5 g L -291 1 (data not shown). It is evident that under the cleaning strategies, the utilized module, which 292 we developed previously (Hai et al., 2008) , effectively resisted fatal fouling despite the high 293 MLSS concentration. 294 295 3.3 Effect of bacterial contamination and fungal morphology 296
Incomplete removal of the dye and undetectable enzymatic activity in MBR alluded to 297 the effect of bacterial contamination. However, to clearly manifest the effect of bacterial 298 contamination on fungal activity, the activity of the MBR-sludge was compared to that of the 299 pure fungus culture in batch test. Experiments were also carried out to ascertain the influence 300 of fungal morphology on the extent of bacterial disruption of fungal activity. Such 301 information is absent in the available literature. 302 303
Activity of MBR sludge 304
Comparison of activity of pure fungus culture and the mixed-microbial MBR-sludge 305 in batch tests revealed moderate decoloration, no (undetectable) enzymatic activity and much 306 faster rate of TOC consumption (Table 2 ) by the MBR-sludge, clearly indicating bacterial 307 influence on fungal activity. It is worth mentioning here that the morphologies of the 308 aforementioned two types of cultures were completely different (Fig. 4a )-while the pure 309 culture grew in large, agglomerated oval masses, the size of the MBR-sludge was much 310 smaller, presumably due to prolonged exposure to intense aeration within the reactor 311 (Moreira et al., 2003) and bacterial disintegration of fungal mass (Libra et al., 2003 Enzyme washout from continuous reactors is inevitable, unless some special measures 334 are adopted to prevent that. The molecular weight of Laccase has been reported to be in the 335 range of 59-110 kDa (Wesenberg et al., 2003) , which is much smaller than the pore size of 336 the microfiltration membrane utilized in this study. Accordingly, enzyme washout was 337 Hai, F. Ibney., Yamamoto, K., Nakajima, F. & Fukushi, K. (2009) . Factors governing performance of continuous fungal reactor during non-sterile operation -The case of a membrane bioreactor treating textile wastewater. Chemosphere, 74 (6), 810-817. Current address: School of CME, University of Wollongong, Australia (faisal@uow.edu.au) http://www.uow.edu.au/~faisal/ 8 expected. However, for most part of the MBR operation, enzymatic activity was undetectable 338 in reactor-supernatant as well as in the membrane-permeate (Fig. 3b) . Accordingly, 339 occurrence of enzyme washout could not be directly proved at that part of the study. However, 340 slight extracellular enzymatic activity was detected within MBR during the incidence of 341 temporary self-agglomeration of fungi (day 64-75). ), owing to the small volume of the reactor and the 378 available large surface area of the membrane, it was still comparable to that applied for the 379 larger reactor (#1 in Table 3) 
